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Abstract
In this work, the biosynthesis of gold and silver nanoparticles from a leaf extract ofParkinsonia ﬂorida
(P. ﬂorida) is reported. TheP. ﬂorida leaf extract was analyzed by a phytochemical screening, by
measuring theDPPH radical scavenging activity, and by Fourier-transform infrared spectroscopy
(FT-IR). The phytochemical screening results indicated that biomolecules like carbohydrates,
phenols, proteins, aminoacids, saponins, andﬂavonoids present inP. ﬂorida leaf extractmight have
participated in the chemical reduction of themetallic salts and further colloidal stabilization. The FT-
IR results from leaf extract functional groups support the role of surfacemodiﬁcationwith the
presence of residues of phenols, proteins, aminoacids, saponins, andﬂavonoids. The formation of
metallic nanoparticles was conﬁrmed by optical absorption spectroscopywith characteristic
absorption bands at 550 nmand 430 nm, for gold and silver nanoparticles, respectively. Zeta potential
for gold nanoparticles presents negative values in the range of−10±1 to−16±1mV, depending
on the amount of leaf extract used during the synthesis reaction. Similarly, zeta potential values for
silver nanoparticles were in the range of−5±1 to−16±1mV. STEM images revealed the average
particles sizes in the range from10 to 15 nm, and 10 to 57 nm, for gold and silver nanoparticles
respectively. The silver nanoparticles presented good antibacterial activity, inhibiting the growth of
Staphylococcus aureus andEscherichia coli.
1. Introduction
Themethods formetallic nanoparticle synthesis arewidely investigated due to their potential applications in
diverse areas. Themainmethods to synthesize nanoparticles include chemical and physical pathways [1–4], but
sometimes these routes are expensive and environmentally harmful. Green synthesismethods avoid these
complications by achieving the synthesis of nanoparticles with plants extracts ormicroorganisms [4–8]. The
formation ofmetallic nanoparticles by natural sources, like plant extracts, is supported by the presence of
molecules such as carbohydrates, proteins, aminoacids, phenols,ﬂavonoids, terpenoids, alkaloids, andmany
others that can be capable of carrying out the reduction ofmetal ions [9, 10]. The extraction of the active
molecules of interest of a plant involves the separation of active portions that are present in leaves, ﬂower, root,
among others, using specially selected solvents and standardizedmethods. Usually, the ﬁnal product obtained
from the extraction is a relatively complexmixture of activemolecules. Naturally, the presence of these
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molecules, responsible for the reduction of themetal ions, can be very different from sample to sample [8]. The
synthesis ofmetallic nanoparticles using plant extracts (leaf, bark, stem, root, etc), could be obtained bymixing
the extract with ametallic salt solution, where the chemical reduction of the salts into nanoparticles can bemade
without external stabilizing/capping agents and at room temperature [10–12].
Green synthesis of gold nanoparticles has been reported using aqueous seed extract ofAbelmoschus
esculentus [13], Neem leaves extract [14], Salvia ofﬁcinalis, Lippia citriodora,Pelargonium graveolens andPunica
granatum [15],Hibiscus Tiliaceus plant [16], Indigofera tinctoria leaf extract [17], among others. Gold
nanoparticles applications include targeted drug delivery [18], gene delivery [19], antitumor and cancer therapy
[17, 20–22], bio-imaging [23, 24] and other potential applications [25]. On the other hand, the green synthesis of
silver nanoparticles (AgNPs) has been reported using an aqueous extract ofNeem [26], banana peel extract [28],
Trianthema decandra extract [29],Abutilon indicum leaf extract [30],Psidium guajava L. leaf extract [31], among
others. Additionally, silver nanoparticles present antibacterial activity against both, Gram-negative andGram-
positive bacteria, being the ﬁrstmore sensitive [8, 32] due to the difference in structural characteristics of the
bacterial species.
Parkinsonia ﬂorida (P. ﬂorida), usually calledCercidium ﬂoridum or blue paloverde, is a tree of the
Caesalpinioideae sub-family [33, 34], also known as peacock family (Leguminosae), which comprises
approximately 180 genres and approximately 3000 species. It includesmany economically important legumes
likeBauhinia forﬁcata,Caesalpinia gilliesii,Caesalpinia spinosa,Ceratonia siliqua,Cercis siliquastrum,Gleditsia
triacanthos,Gymnocladus dioica,Parkinsonia aculeata, and Sennamultiglandulosa [35]. P. ﬂorida is foundmainly
in theColorado desert, the southeast of California, the Sonora desert, southern Arizona, and in the northwest of
the state of Sonora (Mexico).Parkinsonia spp. contains potent antioxidants and phytochemicals inﬂowers,
leaves, and stems like glycosides,ﬂavonoids, sterols, andminerals. The leaves also containC-glycosyl ﬂavones
like orientin, vitexin, and iso-vitexin, Parkinsonin A, Parkinsonin B, and Parkintin [33, 37].
In this work,P. ﬂorida leaf extract is used as a reducing and capping agent in the synthesis of gold and silver
nanoparticles, while tetrachloroauric acid and silver nitrate are used as precursors. Phytochemical screening of
P. ﬂorida leaf extract is presented, and the obtainedmetallic nanoparticles are characterized by Fourier-
transform infrared spectroscopy (FT-IR), optical absorption spectroscopy, scanning transmission electron
microscopy (STEM), and zeta potential. The antimicrobial activity of silver nanoparticles is evaluated against
Gram-positive andGram-negative bacteria.
2.Materials andmethods
2.1.Materials
Tetrachloroauric (III) acid (HAuCl4), silver nitrate 99% (AgNO3), ferric chloride (FeCl3), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and sulfuric acid
(H2SO4)were purchased fromSigma-Aldrich (St. Louis,MO.USA). Nitric acid (HNO3), hydrochloric acid
(HCl) and glacial acetic acid (CH3COOH)were purchased fromFermont (Monterrey, N LMéxico). Antibiotic
Disks of tetracycline and vancomycinwere purchased fromBectonDickinson (Sparks,MD,USA),Mueller-
HintonAgar (MHA), mannitol salt and eosinmethylene blue (EMB) agar were purchased fromMCDLAB
(Tlalnepantla. Edo deMéxico). Culture cells ofEscherichia coliATCC25922 and Staphylococcus aureusATCC
25923were proportioned by themicrobiology laboratory of theUniversity of Sonora.
2.2. Leaf extract preparation
P. ﬂorida leaf extract was used to preparemetallic nanoparticles adaptingwell-known literaturemethods of
extraction [38]. Brieﬂy, fresh leaves were collected from theUniversity of Sonora campus (Hermosillo, Sonora,
Mexico) (Latitude 29.081890, Longitude−110.959947) in April, November, and January. Theywere surface-
cleanedwith running tapwater and distilledwater to remove debris and other contaminated organic contents.
Then, the clean leaves were air-dried at room temperature for 2 h.Next, 3 g ofﬁnely cut dry leaves were kept in a
ﬂask glass containing 100 ml deionizedwater and boiled during 30 minThe extract was cooled down and ﬁltered
withWhatmanﬁlter paper no.1, and the extract was stored at 4 °C for further use. A small volume of extract was
freeze-dried for further analysis.
2.3. Phytochemical screening of leaf extract
The phytochemical characteristics ofP. ﬂorida extract were investigated for the presence of carbohydrates,
alkaloids, saponins, proteins, phenol, ﬂavonoids and cardiac glycosides following standard biochemical
methods [38]. Additionally, FT-IRmeasurements were carried out by attenuated total reﬂectance (ATR) using a
SpectrumTwoFT-IR spectrometer (Perkin-Elmer), placing the lyophilized samples directly onto the ATR
crystal, and the spectrumwas collected in the 4000–500 cm−1 interval with a resolution of 4 cm−1.
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2.4.DPPH free radical scavenging assay
The antioxidant activity ofP. ﬂorida extracts was evaluated by theDPPH free radicalmethod previously reported
byCheel et al, with somemodiﬁcations [39]. The assay is based on the differences of absorbance produced by the
reaction ofDPPH free radical withH-donors of the extract. Brieﬂy, 200 μl of a 6.34 μMDPPHmethanolic
solutionwere added to 20 μl ofP. ﬂorida extract at various concentrations (125, 250, 500, 1000, 2000 μg ml−1) in
a 96-well plate (Costar CorningNY theUSA). The plates were incubatedwith agitation for 30 min in the dark at
room temperature. Then, the absorbancewasmeasured at 515 nm in amicroplate reader. Troloxwas used as a
control, and amixture ofmethanol andDPPHwas used as a blank. The degree of discoloration is proportional
to the efﬁciency of the extract. The percentage of discoloration (inhibitory effect, IE%) is calculated from the
percentage of the difference between the absorbance of the control and the sample over the absorbance of the
control, and results are reported as Trolox equivalents. Tests were performed in triplicate.
2.5. Synthesis of silver nanoparticles
Silver nanoparticles (AgNPs)were synthesized by adapting literaturemethods of green synthesis [8, 40]. Brieﬂy,
10 ml of 0.1MAgNO3 stock solutionwas prepared. Then, silver nitrate wasmixedwith different concentrations
ofP. ﬂorida leaf extract (4.35, 8.70, 13.05, 17.4 and 21.5 μg ml−1 of equivalent Trolox), keeping constant theﬁnal
concentration of silver nitrate at 0.2mM.Themixture was left to react at room temperature for 24 h. Finally,
AgNPswerewashed by centrifugation at 5000 rpm (2598×g) for 20 min and resuspended in deionized (DI)
water. An aliquot of the puriﬁed suspensionwas lyophilized and analyzed by FT-IR. The remaining puriﬁed
suspensionwasmaintained at room temperature and analyzed during several weeks.
2.6. Synthesis of gold nanoparticles
Gold nanoparticles (AuNPs)were synthesized in a similar way than silver nanoparticles. Different amounts of a
stock solution ofHAuCl4 0.01 wt%weremixedwithP. ﬂorida extract with 4.35, 8.70, 13.05, 17.4 and
21.5 μg ml−1 of equivalent Trolox and left to react during 24 h, keeping constant the ﬁnal concentration of gold
(2 mM). Finally, AuNPswerewashed by centrifugation at 5000 rpm (2598×g) for 20 min and resuspended inDI
water. An aliquot of the puriﬁed suspensionwas lyophilized and analyzed by FT-IR. The remaining puriﬁed
suspensionwasmaintained at room temperature and analyzed during several weeks.
2.7. Nanoparticle characterization
The obtained nanoparticles were characterized by scanning transmission electronmicroscopy (STEM)using a
JEOL JSM-7800F ﬁeld-emission scanning electronmicroscope equippedwith a STEMdetector (DebenUKLtd,
London). Samples were immobilized on carbon-coated copper grids. Colloidal stability was evaluated by
measuring zeta potential of the nanoparticles, using aMalvern ZetaSizerNanoZS equippedwith aHe-Ne laser
(λ=633 nm), using folded capillary cells (DTS1070). Optical absorption spectrawere acquired in aUV6300PC
spectrophotometer (VWR,Radnor, PA,USA).
2.8. Antibacterial activity of AgNPs
The antibacterial assays of AgNPswere assessed by using theKirby Bauermethod [41] against human
pathogenic Gram-positive (Staphylococcus aureus) andGram-negative (Escherichia coli) bacteria grown in
Mueller-Hinton agarmedium at 37 °C for 24 h. Freshly cultured bacterial colonies of tested pathogenswere
taken, and 0.05ml of inoculumwas spread on eachMueller-Hinton agar plates. SterileWhatman ﬁlter paper
disks (6mmdiameter)were loadedwith 2, 4 and 8 μg μl−1 of AgNPs. The plant extract, antimicrobial
susceptibility test discs (vancomycin, 5 μg and tetracycline 10 μg BDBBL Sensi-disc) andAgNO3were used as
the control in each plate and incubated at 37 °C for 24 h. The plates were examined for the presence of zones of
inhibition, indicated by the clear area around the discs. The diameters of inhibition zones weremeasured, and
themean value for each organismwas recorded.
3. Results and discussion
3.1. Phytochemical screening of leaf extract
The phytochemical screening results forP. ﬂorida extract showed the presence ofmoderated content of
ﬂavonoids, as is observed in table 1. Flavonoids have been previously reported in plants of the Parkinsonia
species [38]. Also, Orientin, vitexin, and epi-orientin have been reported in plants of the Parkinsonia species
[33]. The screening results forP. ﬂorida extract also showed low content of saponins. These results are in
concordancewith other reports, where the presense of low content of saponins is observed, even using different
solvents for extraction [42, 43]. By using different extractionmethods and different solvents is possible to obtain
different contents of themolecules of interest [38]. The results of the phytochemical analysis of P. ﬂorida extract
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revealed the presence ofmoderated content of carbohydrates, phenols, and proteins. Besides, no cardiac
glycosides were found inP. ﬂorida extract and also tested negative for the presence of alkaloids.
3.2.DPPH free radical scavenging activity
DPPH free radical scavenging activity was used to quantify the antioxidant content inP. ﬂorida leaf extract, and
to secure the reproducibility in the nanoparticle synthesis, given that it is a complexmixture. DPPH reacts with
H-donors groups that can serve as reducer agents. In this way, the evaluation of the antioxidant activity can serve
as quality control during the reaction, avoiding the variations related to plant-to-plant or seasonal variation in
antioxidants content. The data values ofDPPHassay are presented in table 2; theP. ﬂorida leaf extract shows a
logarithmic proportionality with the Trolox equivalents, as could be observed inﬁgjure 1S (supplemental
information is available online at stacks.iop.org/MRX/6/095025/mmedia). This result could help to predict
the amount of equivalent Trolox from the extract concentration.
3.3. FT-IR analysis of leaf extract and nanoparticles
P. ﬂorida leaf extract and themetallic nanoparticles were analyzedwith FT-IR to identify the possible
biomolecules responsible for the formation, capping, and stabilization of themetallic nanoparticles. All the
samples, including the leaf extract and the nanoparticles, presented intense bands at 3209 cm−1, 2932 cm−1,
1580 cm−1, 1392 cm−1 1282 cm−1, 1073 cm−1 and 843cm−1, related to different functional groups, as could be
observed inﬁgure 1. These bands corresponded to the adsorbed biomolecules on the surface of the
nanoparticles. Given that the bands are presents both in nanoparticles and in the extract, it also indicates that the
biomolecules inﬂuence on the formation ofmetallic nanoparticles and in their colloidal stabilization in the
aqueousmedium. The strong band observed at 3209 cm−1 corresponds to theO–Hstretching vibrations of
carboxylic acids and phenolic groups. The peak at 2932 cm−1 could be assigned toC−Hstretching vibrations.
The band observed at 1580 cm−1 is identiﬁed as the amide I and arises due to the carbonyl stretch vibrations in
the amide linkages of the proteins. The band observed at 1385 cm−1 could be assigned toC−Nstretching of
nitrogen-containing compounds. The bands centered at 1078 cm−1 and 1023 cm−1 are assigned toC–OH
vibrations and−C−O−Cbendingmode, respectively. The band at 669 cm−1might be the in-plane bending
vibrations ofN–Hgroups. These results indicated that speciﬁc biomolecules like phenols, proteins, aminoacids,
saponins, andﬂavonoids present inP. ﬂorida leaf extractmight have participated in the chemical reduction of
themetallic salts and further colloidal stabilization. Also, the leaf extracts functional groups observed by FT-IR
comparedwith the phytochemical screening results, support the role of surfacemodiﬁcationwith the presence
of residues of phenols, proteins, aminoacids, saponins, and ﬂavonoids. Flavonoids have functional groups that
can actively chelatemetal ions and can have an important role in the reduction ofmetals due to the tautomeric
Table 1.Phytochemical screening assays
for aqueous extracts from P. ﬂorida.
Component P. ﬂorida extract
Alkaloids NP
Carbohydrates ++
Saponins +
Phenols ++
Flavonoids ++
Proteins ++
Cardiac glycosides NP
+=low content.
++=moderate content.
NP=Nopresence.
Table 2.Antioxidant activity ofP. ﬂorida leaf extract
presented in Trolox Equivalents.
P. ﬂorida extract (μg ml−1) Equivalent troloxμg ml−1)
125 4.35
250 8.70
500 13.05
1000 17.40
2000 21.50
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transformations from the enol-form to the keto-form thatmay release a reactive hydrogen atom that can reduce
metal ions [10]. Several amino acids can play a role of reducing agents in the formation ofmetallic nanoparticles
and in the nanoparticle stabilization by binding tometal ions. This amino acid role has widely discussed and
analysized in the literature [10].
3.4. Nanoparticles characterization
Gold and silver nanoparticles exhibit characteristic colors in aqueous solutions due to excitation of surface
plasmon vibrations. The reduction of gold and silver ions to formnanoparticles during exposure to plant leaf
extracts could be followed through optical absorption spectroscopy [28]. Gold and silver nanoparticles exhibit
ruby red and yellowish-brown color inwater, respectively. Figure 2(a) shows the surface plasmon resonance
bands for AuNPs preparedwith P. ﬂorida leaf extract at different Equivalent Trolox. Themaximumabsorption
peaks for AuNPs prepared in the range from4.35 to 17.40 μg ml−1 of equivalent Trolox are around 550 nm.A
displacement of the absorbance band to 562 nm is observedwhen 21.50 μg ml−1 of equivalent Trolox are used in
the synthesis. Also, the intensity of the absorbance band is inversely proportional to the equivalent Trolox in the
range from4.35 to 17.40 μg ml−1. This behavior shows that by increasing the P. ﬂorida leaf extract
concentration, the gold reduction is enhanced; thus, a reduced number of particles can be obtained butwith
larger diameters.When 21.50 μg ml−1 of equivalent Trolox are used, an increase of the intensity of the
absorbance band is observed, regarding the previous equivalent Trolox concentrations. This increase of the
intensitymight indicate that othermorphologies or aggregations can arise at higher concentrations of the P.
ﬂorida leaf extract. The surface plasmon resonance bands for AgNPs prepared at different Equivalent Trolox are
presented inﬁgure 2b. Themaximumabsorbance bands for AgNPswere in a close range from444 to 462 nm,
but the preparationswith 8.70 to 17.40 μg ml−1 of equivalent Trolox presented amaximumband around 462
nm.Also, in the same range of equivalent Trolox could be observed an inverse proportionality with the intensity
of the absorption band. This behavior, also observed in the AuNPs synthesis, could be due to changes in the
nanoparticle sizes as the equivalent Trolox rise. Additionally, at 21.50 μg ml−1 of equivalent Trolox an increase
of the intensity of the absorbance band, regarding the previous equivalent Trolox concentrations, is observed,
and could also be explained in a similar way toAuNPs.
The absorption spectra of silver and gold nanoparticles in the region of the SPRwavelengthwere simulated
by a Lorentzian distribution, according toMie theory, as reported in the literature [44]. The unknown
parameters were determined by a nonlinear regression algorithm fromMATLAB® (MathWorks, USA). The
Lorentzian ﬁts for all the nanoparticles prepared in this work are presented in Fig. S2 (supporting information).
Good correlation coefﬁcients and similarities in the surface plasmon resonance bands between the experimental
and the theoretical values were obtained for all preparations, as can be observed in table 3; these results indicate
thatMie theory was suitable for analyzing the experimental data. The estimatedwidth at halfmaximum
correlates to the nanoparticle polydispersity; then, gold nanoparticles polydispersity increases with increasing
concentration of equivalent Trolox (table 3). This result supports the notion stated before that different
morphologies or aggregations arise at higher concentrations of the P. ﬂorida leaf extract. Similarly, the
Figure 1. Fourier-transform infrared spectroscopy spectra of P.ﬂorida leaf extract and the obtainedmetallic nanoparticles.
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polydispersity of silver nanoparticles increased from4.35 μg ml−1 to 17.40 μg ml−1; afterwards, at higher
equivalent Trolox concentrations, the polydispersity of silver nanoparticles and the average diameter size
decreases considerably as seen in table 3.
The STEMmicrographs and histograms of AuNPs are presented inﬁgure 3. The particles present quasi-
sphericalmorphology. Histograms show that the diameter size of AuNPs ismaintainedwithin a close range for
all preparations. Also, the polydispersity of AuNPs is low for all preparations, except for the ones prepared at
4.35 μg ml−1 of equivalent Trolox, where amore size variations are observed. The average diameter of AuNPs
was obtained by aGaussian ﬁt of histograms ofﬁgure 3, and are presented in table 3. The average diameters of
AuNPs present a tendency to increase as the equivalent Trolox increase, but with no signiﬁcant differences.
Similar sizes have been reported for gold nanoparticles synthesizedwith aqueous and ethanolic aranto extracts,
withmean diameters of 7.7±2.0 nm and 17.5±5.3 nm respectively [45].
Figure 2.Optical absorption spectra of (a) gold and (b) silver nanoparticles synthesizedwith different concentrations of P. ﬂorida leaf
extract. Equivalent Trolox (ET).
Table 3.Particle size diameter of gold and silver nanoparticles synthesizedwith P. ﬂorida leaf extract.
Equivalent Tro-
lox (μg ml−1)
Peak plasmon reso-
nancewavelength from
experimental data (nm)
Peak plasmon reso-
nancewavelength
(nm) fromLor-
entzian ﬁt
Width at halfmax-
imum fromLor-
entzian ﬁt (nm)
Lorentzian ﬁt
correlation coefﬁ-
cient (R2)
Average diameter
size (nm) from
STEMhistograms
AuNPs 4.35 551 554 116.9634 0.9991 11±3
8.70 557 556 132.8796 0.9995 10±1
13.05 551 546 146.1463 0.9994 12±2
17.40 546 543 157.3771 0.9990 13±2
21.50 562 552 209.7456 0.9973 15±2
AgNPs 4.35 450 448 169.9689 0.9998 17±2
8.70 462 462 183.5814 0.9999 57±6
13.05 462 458 192.9360 0.9997 47±2
17.40 461 456 195.1128 0.9997 38±2
21.50 444 442 138.0952 0.9989 10±1
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The STEMmicrographs and histograms of AgNPs are presented inﬁgure 4. AgNPs present a quasi-spherical
morphology for all preparations. The diameter sizes can be variedwith extract concentration, as could be
observed in table 3. The diameter size values were obtained fromaGaussianﬁt of the histograms ofﬁgure 4. The
obtained nanoparticles tend to decrease its size as the concentration of the extract is increased, except for the less
concentrated sample. As the concentration of the extract is increased, amore signiﬁcant amount of particle
nuclei is formed, resulting in reduced particle size. From the resultsmentioned above, it can be inferred that gold
and silver nanoparticle formation follows different reactionmechanisms, a phenomenon that could be related to
differences in valence and ionic radii of themetals. Silver nanoparticles with similar size were synthesized using
Brassica juncea (mustard greens) andMedicago sativa (alfalfa) [10]. Li et al synthesized silver nanoparticles by
treating silver ionswithCapsicum annuumL. extract obtaining AgNPswith a different size between 10 nmand
40 nm [46]. Xin-Huang et al, synthesized gold nanoparticles in the range of 7.2 to 12.8 nm [47] using bayberry
tannin.
Based on the literature, other researchers have found using similar approaches that their synthesized
nanoparticle structures follow a crystalline naturewith face centered cubic lattice for gold [48, 49], and
something along the same lines with also a face centered cubic lattice for silver [48, 50, 51]. Therefore, we expect
to have a structure quite similar to the ones reported in the literature, since the processes of synthesis are similar.
Figure 3. STEMmicrographs of AuNPs formed by the reduction of gold ions usingP. ﬂorida leaf extract. AuNPswere prepared at
equivalent Trolex of (a) 4.35 μg ml−1, (b) 8.70 μg ml−1, (c) 13.05 μg ml−1, (d) 17.40 μg ml−1, and (e) 21.50 μg ml−1. Inserts show the
size distribution histogramof each sample and theGaussian ﬁt. Scale bars represent 50 nm for all samples.
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Zeta potentialmeasurements were carried out 24 h after particle synthesis, and the results are presented in
ﬁgure 5. AuNPs presented negative zeta potential values in the range of−10±1 to−16±1mV. These results
are similar to other studies preparing AuNPs using leaf extracts [52]. Zeta potential values of AuNPs are variable
and do not present trend respect the concentration of extract utilized in the synthesis, similar to the results
obtained fromSTEManalysis.
Similarly, AgNPs samples presented negative zeta potential values in the range of−5±1 to−16±1mV.
Zeta potential values of AgNPs tend to decrease as the concentration of P. ﬂorida leaf extract increases. This effect
can be related to an increase in the number of nucleation sites for the nanoparticle formation; leading to amore
signiﬁcant number of nanoparticles thanwith less extract, but with smaller diameters (as could be veriﬁed in
table 3). Then, nanoparticles with the larger surface area are obtained by usingmore leaf extract, andmore
molecules could be adsorbed on the surface, increasing its net charge and enhancing its colloidal stability.
Similar results were reported byHeydari andRashidipourwhenAgNPswere preparedwith extract of oak fruit
hull (−25.3mV) [53]. Silver nanoparticles synthesized usingCalliandra haematocephala leaf extract showed a
zeta potential value of−17.2mV [54], and a zeta potential value of−24.1mVwas reported fromAgNPs
synthesized using leaf extract ofUrtica dioica Linn [55]. The negative charge obtained through thesemethods
Figure 4. STEMmicrographs of AgNPs formed by the reduction of silver ions using P. ﬂorida leaf extract. AgNPswere prepared at
equivalent Trolex of (a) 4.35 μg ml−1, (b) 8.70 μg ml−1, (c) 13.05 μg ml−1, (d) 17.40 μg ml−1, and (e) 21.50 μg ml−1. Inserts show the
size distribution histogramof each sample and theGaussian ﬁt. Scale bars represent 100 nm for all samples.
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cannot be explainedwith certainty, due to the presence of severalmolecules in the extracts that have not been
identiﬁed and its characterization is far from the scope of this work. Though the FTIR discussed inﬁgure 2 shows
the presence of C-S bonds, these groups usually indicate the presence of thiol-like functional groups; which at
certain pH can be deprotonated inducing the Zeta potential shift into the negative region aswell as other
molecules from the extract [56].
3.5. Antibacterial activity assay of silver nanoparticles
The antibacterial activity of AgNPswas investigated against S. aureus andE. coli using the agar disk diffusion
method. The diameter of the inhibition zone (millimeter) is shown in (Table 4) and (ﬁgure 6). In the present
study, the zone of inhibition for AgNPswas found to be 12mmagainst S. aureus and 7.8mm for E. coli. Leaf
extract ofP. ﬂorida does not show antibacterial activity against Gram-positive orGram-negative bacteria. On the
other hand, AgNPs showed better antibacterial activity compared toAgNO3 solution. TheAgNPs exhibited
good antibacterial activity against S. aureus and lower antibacterial activity againstE. coli (table 4, ﬁgure 6).
The inhibitory action of themetallic nanoparticles onmicroorganisms it is not well deﬁned, it is suggested
that the antibacterial activity can be possible due toAg+ released fromAgNPs, acting as an antibacterial agent
[57]. Feng et al proposed two antibacterialmechanisms of silver ions (1) silver ions can interact with thiol groups
in proteins inactivating enzymatic activity and (2) silver ions can condenseDNAmolecules andmake they lose
their replication abilities [58]. Additionally, Li et al proposed an antimicrobialmechanism of AgNPs against
S. aureus, their proposed that the particles probably can overpass the cell wall and interact with cellmembrane to
cripple some enzymes and interfere with normalmetabolism of cells, afterwardAgNPs enter into bacterial cells
and condensedDNA to avoidDNA replication, avoiding cell reproduction. Finally, the interactionwith cell wall
and cellmembrane destroy them, inducing bacterial death [59]. On the other hand, different reports in literature
conclude that signiﬁcant changes in themembrane structure ofE. coli occur as a result of the interactionwith
silver ions, leading to an increase of permeability of themembrane and consequent death of the bacteria [58, 60].
Figure 5.Zeta potential values ofmetallic nanoparticles preparedwith different equivalent Trolox ofP. ﬂorida leaf extract. (a)AuNPs
and (b)AgNPs.
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4. Conclusions
Thiswork describes amethod for the preparation of gold and silver nanoparticles colloids usingP. ﬂorida leaf
extract as a reducing and stabilizing agent. The extract is an active reducing agent to formmetallic nanoparticles
at room temperature without any additional reagent or treatment. Biomolecules like aminoacids, saponins, and
ﬂavonoids present inP. ﬂorida leaf extractmay have participated in the chemical reduction of themetallic salts
and further colloidal stabilization. The biosynthesis is efﬁcient and reproducible and shows potential for
practical applications. The synthesizedAgNPs showed good antibacterial activity compared to conventional
antibiotics against S. aureus andE. coli. Themethod of synthesis of AgNPs andAuNPs using P. ﬂorida leaves
extract is eco-friendly and straightforward.
5.Uncited references
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Figure 6.Microbial susceptibility test of AgNPs against S. aureus (a)–(d) and E. coli (e)–(h).
Table 4.Antimicrobial susceptibility test results.
Inhibition zone diameter (mm)
Controls AgNPs
Pathogen
Tetracycline
(10 μg)
Vancomycin
(5μg)
P. FloridaExtract
(8 μg μl−1)
Silver nitrate
(17 μg μl−1) 8 μg μl−1 4 μg μl−1 2 μg μl−1
S. aureus 33 10 0 9.3 12.5 11.7 10.5
E. coli 27 0 0 7.2 7.8 6.5 5
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